In this paper we study a production system consisting of a group of parallel machines producing multiple job types. Each machine has its own queue and it can process a restricted set of job types only. On arrival a job joins the shortest queue among all queues capable of serving that job. Under the assumption of Poisson arrivals and identical exponential processing times we derive upper and lower bounds for the mean waiting time. These bounds are obtained from so-called flexible bound models, and they provide a powerful tool to efficiently determine the mean waiting time. The bounds are used to study how the mean waiting time depends on the amount of overlap (i.e. common job types) between the machines.
Introduction
In this paper we consider a queueing system consisting of a group of parallel identical servers serving multiple job types. Each server has its own queue and is capable of serving a restricted set of job types only. Jobs arrive according to a Poisson process and on arrival they join the shortest feasible queue. The service times are exponentially distributed. We will refer to this queueing model as the Generalized Shortest Queue System (GSQS). This model is motivated by a situation encountered in the assembly of Printed Circuit Boards (PCBs). This is explained in more detail below. Figure 1 shows a typical layout of an assembly system for PCBs. It consists of three parallel insertion machines, each with its own local buffer. An insertion Correspondence to: G.J. van Houtum Fig. 1 . A flexible assembly system consisting of three parallel insertion machines, on which three types of PCBs are made machine mounts vertical components, such as resistors and capacitators, on a PCB by the insertion head. The components are mounted in a certain sequence, which is prescribed by a Numerical Control program. The insertion head is fed by the sequencer, which picks components from tapes and transports them in the right order to the insertion head. Each tape contains only one type of components. The tapes are stored in the component magazine, which can contain at most 80 tapes, say. Each PCB needs on average 60 different types of components. To assemble a PCB all required components have to be available in the component magazine. Hence, the set of components available in the magazine determines the set of PCB types that can be processed on that machine. The system in Figure 1 has to assemble three PCB types, labeled A, B and C. The machines are basically similar, but due to the fact that they are loaded with different types of components, the sets of PCB types that can be handled by the machines are different. Machine M 1 can handle the A and B types, machine M 2 the A and C, and machine M 3 the B and C. When the mounting times for all PCB types are approximately the same, it is reasonable to send arriving PCBs to the shortest feasible queue.
Since the assembly of PCBs is often characterized by relatively few job types, large production batches and small mounting times (see Zijm [16] ), the use of a queueing model seems appropriate to predict performance characteristics such as the mean waiting time. An important issue is the assignment of the required components to the machines. Ideally, each machine should get all components needed to process all PCB types. However, since the component magazines have a finite capacity, they can contain the components needed for a (small) subset of PCB types only. In this paper we will investigate how much overlap (i.e. common components) between the machines is required such that the system nearly performs as in the ideal situation where the machines are equipped with all components.
The GSQS is also relevant for many other practical situations; e.g., for parallel machines loaded with different sets of tools, computer disks loaded with different
